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Abstract 
This thesis builds on a basis of four years of engineering education to produce a final 
project for the capstone course. The idea behind this project was to provide a workable master 
plan and conceptual site improvements for a real application, the Outdoor Education Center in 
east Lincoln, Nebraska. The Boy Scouts of America Cornhusker Council and the University of 
Nebraska – Lincoln Department of Civil Engineering have cooperated throughout the Senior 
Design capstone course to make this possible for the students involved. 
As a project manager for the Wingineers team, over the course of this semester I have 
endured many challenges and successes. I have completed the transportation engineering section 
of this project and have also held weekly meetings with my team regarding their progress 
throughout this process. One of the biggest challenges I faced this year was a team member 
leaving our group halfway through the semester. This was a tough challenge to overcome, but 
with a lot of extra effort and support from my team, I took up the mantle on this front and 
finished the transportation work. The experience was taxing but coming out with a successful 
final product was incredible. 
 
Key Words:  
Civil Engineering, Master Plan, Site Plan, Boy Scouts of America   
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Introduction 
 Wingineers has a long four-and-a-half-month history of successfully overcoming 
engineering challenges. We aim to consistently provide the best products and solutions to our 
clients through thorough research and dedicated design. We are excited to produce our first ever 
final product, a concept master plan and site improvements for the Outdoor Education Center 
(OEC) by request of the Cornhusker Council and University of Nebraska – Lincoln Joint 
Authority (CC-UNL). 
 This final plan includes updates to the transportation, structural, water resources, 
environmental, and geotechnical elements of the OEC. Some of the major projects we 
recommend undertaking are the addition and pavement of new parking areas, the renovation of 
the pedestrian and vehicular access crossings of Scout Creek, and the stabilization of the site’s 
streambanks to prevent further erosion and flooding.  
 These recommendations are delineated throughout the report. Altogether, we expect these 
changes to the OEC to cost CC-UNL $2.961 million dollars. A full breakdown of these estimated 
costs can be seen at the end of this report.   
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Transportation Engineering  
As designed by Christina Thibodeau 
  
Introduction: 
Transportation elements are necessary for ease-of-access and increased usability of the 
Outdoor Education Center (OEC). The Cornhusker Council and University of Nebraska – 
Lincoln Joint Authority (CC-UNL) has requested the addition of an overflow parking lot and RV 
pads. They wish to update the existing south parking lot, the low water crossing, and Harvey 
Hunter Lodge. The redesign of these site features is anticipated to increase attendance at the 
OEC and subsequently make it a more popular location for Scouts and the general public. 
 
Site Information: 
 
 The OEC is a 74-acre plot of 
land, bound by 120th Street on the 
west and located half a mile south of 
O street, near Walton, NE. The site 
has three entrances along 120th Street. 
The property is crossed by Scout 
Creek on the west and Stevens Creek 
on the east. The site can be seen in 
Figure 1. The OEC belongs to the 
BSA Cornhusker Council, and it is 
used for the enrichment and 
education of Scouts, and for private 
events. The OEC’s parking facilities 
are small and could use updates, as 
CC-UNL would like to get more out of the currently unused land and attract more visitors 
through a variety of events. 
The OEC currently has one small paved parking lot on the west side of the property, near 
the education building in the northwest corner. This lot can contain 27 vehicles. While this is 
sufficient for daily use of the site, there are several large events that the OEC hosts which require 
attendants to park in the grass. Overflow parking exists to the west of Scout Creek, with space 
for another approximately 60 vehicles, as seen in aerial views of the site.  
 There is a gravel access road, which spans from the low-water crossing of Scout Creek to 
the northernmost cabin on the property. It is wide enough for one vehicle, allowing single-
direction traffic to reach all existing buildings on the site. This access road does not provide a 
path across the OEC, to the eastern boundary. 
One of the largest events which the OEC hosts each year is a stopping point on the 
Market-to-Market relay. This event attracts 600 competitors and 300 vehicles to the site 
Figure 1: Overhead view of existing Outdoor Education Center 
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annually. This is the peak traffic that the OEC must be able to hold, and the existing designated 
parking areas do not meet this need. The Week-Long Day Camp invites young Scouts and their 
parents to spend the day on the OEC’s property, learning about Scouting. This event brings many 
families and their vehicles to the site, again highlighting a need for an overflow lot.  
 The OEC also rents their soccer field, lodge, and other facilities for external use. This is 
an important form of revenue for the Cornhusker Council. The Council intends to allow both tent 
and recreational vehicle camping across the site as well. All these events would contribute to 
making the OEC a more popular location, but access during high water events is necessary to 
allow visitors to stay overnight on the property. 
 
Challenges: 
 There are many things that the client must consider when electing to build on their 
property. Money and time constraints are usually regarded as the primary factors that could 
prevent an owner from going through with a project. In reality, there are many additional 
engineering factors that must be examined. In the case of the OEC, the Federal Emergency 
Management Agency (FEMA) limits construction on a significant portion of the land. Other 
problems to consider will be the 
provision of high-water access 
to the parts of the property east 
of Scout Creek and ease of 
construction.  
A large part of the OEC 
is located in the floodway, an 
area which must be reserved to 
prevent upstream flood 
elevations from rising. FEMA 
restricts construction in this 
region. It is also generally 
regarded as unwise to place 
buildings in the floodway, due 
to their higher likelihood of flood events. Beyond this, much of the remaining OEC property is 
still in the floodplain, where flood probability is still high. Because of these constraints, building 
on the OEC land will be difficult and heavily regulated. The floodway and floodplain with 
respect to the site can be seen in 
Figure 2.  
The CC-UNL has emphasized a desire for high-water access to the portion of the OEC 
east of Scout Creek. This area is currently served by the low-water crossing, yielding it 
inaccessible when that crossing is overtopped. Providing this access has proven to be difficult, 
since the 100-year design flood elevation is extremely high.  
Figure 2: OEC Property Flood Map, showing floodway and floodplain 
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The primary concern for the transportation work is minimizing costs through reducing cut 
and fill and choosing optimal pavement designs. Movement of earth is an expensive segment of a 
construction project, and Wingineers would like to maximize savings for CC-UNL. Reducing 
earthwork and choosing a pavement which is both strong and inexpensive should optimize costs 
on the project. 
 
Alternatives: 
 Wingineers would like to offer CC-UNL some options for different features that can be 
added or updated, in accordance with the usage and needs of the OEC. We would like to add a 
large parking lot, a paved trail for emergency access, and 8 RV pads, and relocate the Harvey 
Hunter Lodge. These additions would increase accessibility of the site, and they will make it a 
more attractive location to potential visitors. 
 A large parking lot would be ideal to accommodate these visitors. This parking lot would 
also be useful for annual events like the Market-to-Market relay, the Week-Long Day Camp, and 
other events that require the use of the soccer field. This parking lot should be located in the 
southwest corner of the property, as shown in Figure 3. Sidewalks and trails should connect the 
parking lot to the site’s amenities, so all parts of the property can be reached by all guests. 
 The existing overflow lot should be paved and painted to provide a safer parking location 
for medium-large events, such as weddings on the property. Both parking lots could be paved in 
concrete, asphalt, or covered in gravel. They would all have compacted earth subgrades. 
We have decided to suggest the addition of about 1,000 feet of concrete walking trail, 
wide enough to provide emergency vehicle or UTV access to the entire site. These additions can 
Figure 3: Additions to the site as proposed by Wingineers 
Parking Lot 
Harvey Hunter 
Lodge 
RV Pads 
Trail Extension 
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be seen in Figure 3 as the solid blue lines, and they create a continuous road from the western 
edge of the OEC to the pedestrian bridge on Stevens Creek. 
 We propose relocating the Harvey Hunter Lodge to the north edge of the parking lot, as 
shown as a dark blue box in Figure 3. This will act as a check-in location for the OEC 
campgrounds and will be a small residence for the camp master. We suggest fully relocating the 
existing lodge instead of rebuilding. 
 An additional consideration that we would like to discuss is adding the RV pads, which 
will fall along the existing trail. Our suggested locations are provided in Figure 3. These concrete 
pads would need to be wider than the RVs and have a nearby location for electrical hookups. 
 
Analyses: 
 This analysis has been conducted to determine the technical facets of each addition to the 
site. This includes sizes, locations, and other information that will be critical to CC-UNL’s 
decision-making process. These analyses include locations, sizes, and design vehicles. These 
important factors will be the beginning of the engineering process, should the client elect to 
move forward. 
 The OEC hosts a stop on the annual Market-to-Market relay, an event which attracts 300 
vehicles to the site. This is the peak expected traffic at the OEC and will be our design size for 
the parking lot. Assuming we need space for 300 vehicles, there will need to be an additional 8 
handicap parking spaces, according to ADA regulations. For a parking lot to hold 308 cars in 8.5 
x 18-feet spots, the lot will need to be 382.5 feet by 420 feet. This allows for space to drive in 
both directions between rows, safe space for pedestrians, and planting of vegetation to shade the 
lot. There is enough unused land south of the existing low-water crossing that this parking lot 
could be placed there, as shown in Figure 3. The lot could be concrete, asphalt, or gravel. The 
differences between these materials will be explored further in the next section. 
The trail should also be constructed of concrete, asphalt, or gravel, to be discussed in the 
Findings section. It should connect all the major parts of the OEC for wheelchair accessibility 
and emergency vehicle access. These points include the Education Center itself, the pedestrian 
bridges over both creeks, the COPE course, the soccer field, the RV pads, the amphitheater, and 
the shooting range. The existing gravel trail and concrete sidewalk collectively reach the 
Education Center, the amphitheater, and the shooting range. Extending this trail from the 
proposed parking lot, past where the RV pads are to be constructed, and across the site to the 
Stevens Creek pedestrian bridge will make the property more accessible in case of an 
emergency. The proposed trail path is shown in Figure 3. The trail should be wide enough for a 
UTV or firetruck to get through, depending on the level of access CC-UNL would like. The total 
length of the proposed path is about 1000 feet. 
 The Harvey Hunter Lodge should be removed from the floodway and relocated just north 
of the proposed parking lot, in the floodplain. Here it will stand between the parking area and the 
campgrounds, ideal for acting as a check-in facility for campers. The Lodge may need to be 
placed on an elevated platform to remain undamaged in flood situations. It can either be moved 
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entirely as it stands or torn down and rebuilt. An analysis of these options will be conducted in 
the next section. 
We suggest including 8 RV pads on the site to meet the client’s needs and the site 
limitations, each designed to be 50 feet long by 10 feet wide. This size was chosen from the 
Jayco Jay Flight 38BHDS, a popular RV model, plus the length of the vehicle that would be 
necessary to tow it. These RV pads will need to be concrete, since they will be holding up to 
11,000 pounds of weight, determined from the empty weight and carrying capacity of the Jayco 
Jay Flight 38BHDS. These RV pads should be close to the trail, since campers will have to drive 
up to them, and electrical hookups will be placed near the pads for RV functionality. The pads 
should be perpendicular to the trail, and they should be near each other to make electrical work 
easier. 
 
Findings:  
 This section outlines some different decisions that the client and the project engineer will 
need to work out prior to final design and construction. Wingineers has offered a few options for 
different materials and geometries for the parking lot, trail, and RV pads. The Harvey Hunter 
Lodge also must be considered, since there are options to move or to rebuild it. Our 
recommendations will follow, but it is up to CC-UNL to make the final decision. 
 The parking lot could be designed of concrete, asphalt, or gravel. Concrete is going to be 
more expensive than the other options, but it will be more durable. Concrete is known for its 
strength. It is also prone to cracking and creating potholes in below freezing temperatures. It 
does not need regular resurfacing, but it is difficult to repair. Asphalt is the medium option for 
both strength and cost, it is more likely to deform in high heat than concrete, but it will be 
cheaper. Asphalt does need resurfacing and sealing, but it is much easier to repair. Gravel will be 
the cheapest option, but it is also the least durable and least attractive material. The use of gravel 
could be a benefit to the OEC, given the specific aesthetic that they wish to achieve. Gravel is 
permeable and will not require additional structures for runoff. However, gravel is dirty, and 
gravel roads or lots require a lot of fill if they get regular use. It also does not provide ADA 
accessibility.  
 The same arguments about materials apply to the trail. Concrete, asphalt, or gravel could 
be utilized, and each one has its own pros and cons. The primary concern for the trail is what the 
design vehicle should be, or whether the trail should be for pedestrians alone. Possible design 
vehicles include a utility vehicle (UTV), a firetruck, or a recreational vehicle. These vehicles 
have varying widths, lengths, and turn radii, and as such would require the road to be a different 
size. The Toro Workman UTV is 6.7 feet wide and has a length of 10.1 feet, the firetruck is 8 
feet wide and has a length of 30 feet, and the RV has a width of 8 feet and is 48.7 feet long 
(AASHTO). Using the firetruck or the RV as the design vehicle will result in a larger road with 
wider curves, resulting in more square footage to lay and upkeep. Having the UTV as the design 
vehicle allows for a smaller trail, but limits emergency access. 
8 
 
 The Harvey Hunter Lodge needs to be moved out of the floodway. It should be relocated 
to the northern edge of the proposed parking lot, where visitors to the campgrounds can check in 
and out when they pass by. There are two options regarding this repositioning – move the lodge 
as it stands or tear it down and completely rebuild it. Moving the lodge in its current condition 
will better maintain the memorial to the Scout for whom it was named. This memorial is 
important to the Council and those involved in the process. It would also be a quicker process 
than completely rebuilding. Rebuilding would allow the client to make small changes to the 
Lodge if desired, such as adding rooms or updating water and electricity for the building. The 
Lodge could then be rededicated in a ceremony, allowing for a moment of renewal and a 
celebration of Harvey Hunter.  
 The RV pads will need to be located along the trail, so they can be accessed from the 
road, and near the Education Center, so they can receive electricity. 8-10 pads were requested 
and 8 have been designated in Figure 3. These can move around slightly from where they are 
drawn, but there must be consideration for the area they will occupy. 
  
Recommendations: 
 Wingineers suggests the inclusion of the following facilities, based on the above analyses 
and findings. 
The existing overflow lot should be paved in concrete to allow for safer access. The new 
parking lot should be located in the southwest corner of the OEC property and should be 
constructed of concrete. Though concrete is the most expensive of the material options, it will be 
the most durable and will require the least upkeep. This lot will be 382.5 x 420 feet, and it can 
contain 308 vehicles, 8 of which are handicap spaces. The parking lot should be large enough to 
encompass all the traffic for the OEC’s largest events. 
 A road designed for an RV should extend from the parking lot up past the RV pads and 
across the site to the Stevens Creek pedestrian bridge. This trail is approximately 1000 feet long 
and should be 10 feet wide to accommodate the design vehicle. This access road should also be 
constructed of concrete to provide easy access to emergency vehicles.  
 We recommend the Harvey Hunter Lodge be relocated to its new home near the parking 
lot, where it will serve as a check-in for the OEC campgrounds. We hope to preserve the 
memorial to Harvey Hunter by keeping the lodge as it was built in his name.  
 RV pads should be constructed alongside the trail. Eight pads, each 10 x 50 feet, will line 
the trail and will be easily accessible from this road. These will also be concrete, since the RVs 
are heavy and will require a more stable surface. 
 We hope these transportation recommendations are satisfactory to CC-UNL, and we will 
continue to discuss further suggestions regarding other sections. 
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Structural Engineering  
As designed by Awgku Ahmad Hashim, Awg Bolhasan 
 
Introduction: 
The goal of the Structural Engineer at Wingineers in undertaking this project is to aid the 
Cornhusker Council - University of Nebraska Lincoln (CC-UNL) Joint Authority in fulfilling the 
functional master plan for the Outdoor Education Center (OEC) through increasing site 
accessibility and designing new and improved structural features. 
To help achieve these goals and make the OEC more accessible to all, the Structural 
Engineer aims to increase the mobility at the OEC by designing an improved pedestrian bridge 
that will cross over the creeks located on the site - Scout Creek and Stevens Creek. The Structural 
Engineer would also be responsible for the improved design of the low water crossing, giving 
access to emergency vehicles. The responsibility of the Structural Engineer extends to the 
improvements and designs of other structural features on-site of the drainage and utility systems; 
this includes the culverts, headwalls, wingwalls, and retaining walls. 
In addition to the proposed improvement designs, the Structural Engineer will assure these 
designs will meet the clients’ requirements. Each design proposed will be recommended based on 
the aesthetics and feasibility. The pedestrian bridge designs will be designed to be able to sustain 
loads of the Utility Terrain Vehicle (UTV) and pedestrians, and the low water crossing bridge will 
be designed to support the load of the emergency vehicles such as firetrucks and UTVs. We have 
also taken into consideration in making sure the completion of the OEC master plan before the 
proposed construction of the East Beltway. 
 
Site Information: 
The OEC site poses challenges from the floodplain and floodway designations which 
causes problems for site accessibility. The site has gone through floods where the pedestrian 
bridges have been submerged underwater causing the site to be inaccessible. Currently on the site, 
two pedestrian bridges cross Scout Creek, and no pedestrian bridge crosses Stevens Creek, which 
means the site across Stevens Creek is not accessible. Both bridges on Scout Creek are currently 
not accessible by UTVs. Both of the bridges on Scout Creek have been submerged underwater in 
the past due to past flood events. According to the Federal Emergency Management Agency 
(FEMA), there is an annual chance of 1% flood event occurring at the site. This information can 
be determined through the National Weather Service website (https://water.weather.gov/ahps/). 
On the south-west part of the entire site, there is a low-water crossing. This low water crossing is 
not accessible by any vehicles when the water level of the creek rises. 
At this site, the Geotechnical Engineer has identified two alternative locations for each 
crossing to determine the best possible site for the construction of the pedestrian bridge which is 
explained in the Geotechnical section of this report. The former location of the low water crossing 
bridge will still be the location of the newly designed box culvert bridge. Figure 1 shows Scouts 
Creek, Stevens Creek, the proposed location of the low water crossing, and the two proposed 
alternative locations for each crossing. 
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Figure 4. Site Map with Alternative Locations for Bridge Designs 
Challenges: 
There are challenges faced by the Structural Engineer that needs to be addressed through 
collaboration and coordination with the other engineers at Wingineers. The Structural Engineer 
has coordinated with the Transportation Engineer to make sure the pedestrian bridges and low 
water crossing are accessible by UTVs, pedestrians, and emergency vehicles to the site via 
roadways and trails. The Structural Engineer has coordinated with the Environmental Engineer to 
make sure that the construction will consider the environmental codes and does not negatively 
impact the environment. It is important for the Structural Engineer to coordinate with the 
Geotechnical Engineer to determine the best alternative locations for the pedestrian bridges on 
each creek, making sure that the structure's foundation will be structurally stable. Additionally, 
coordination with the Water Resources Engineer is important to determine a feasible elevation for 
the foundation of the pedestrian bridges to be built on due to the challenges of the floodplain. The 
Water Resources Engineer would also help to determine the effects of the water flow in the creek 
for any scour effects and the hydraulics affecting the water flow from the Box Culvert Bridge 
design.  Other challenges the Structural Engineer would have to consider is the loads that will take 
effect on the bridge such as the live loads of the pedestrians, emergency vehicles and the UTVs, 
the wind loads, and the dead loads.  
 
Alternatives: 
 
Pedestrian Bridges 
The future location of the pedestrian bridges on the OEC site are located at two different 
crossings - one at Stevens Creek and one at Scouts Creek. There are two alternative locations on 
each crossing which have been determined by the geotechnical engineer. These locations are noted 
in Figure 4. The three different alternative designs considered for these locations include the 
suspended bridge, the suspension bridge, and the truss bridge.  
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Suspension Bridge 
A suspension bridge is hung from a series of vertical cables that hang from two main cables 
spanning from high towers at the ends of the bridge. The deck is held in an upwards arch. Cables 
continue from the top of each tower to concrete anchors that are dug into the ground on either side 
of the bridge.  
 
Figure 5. Suspension Bridge Drawing 
Truss Bridge  
Truss bridges are composed of an interconnected network of beams, arranged in triangular 
units, that holds the entire structure up. Truss bridges are designed so that they evenly distribute 
stress throughout its structure in response to dynamic loads (i.e., from pedestrians and UTVs). 
They are known for utilizing materials efficiently and are rather inexpensive to construct compared 
to the suspension and suspended bridge designs. 
 
Figure 6: Truss Bridge Drawing 
Suspended Bridge  
A suspended bridge has a bridge deck supported by a series of cables that connect to two 
larger main suspending cables. The two main suspending cables are, in turn, suspended from 
towers on either side of the span.  The cables are mounted into the ground and supported over the 
two towers.  The cable sags in between the towers to support the dead load of the bridge and the 
live load (i.e., pedestrians and UTVs). 
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Figure 7. Suspended Bridge Drawing 
 
Low-Water Crossing 
The current low water vehicle crossing has been submerged underwater due to previous 
flood events. Two different alternative designs considered for the low water crossing in the area. 
A box culvert bridge and a truss bridge design will help to improve vehicle access. In the case of 
flood events, emergency vehicles could still cross the creek without an issue. 
 
Box Culvert  
The box culvert bridge design consists of concrete sections made up of reinforced concrete 
(RC). The sections are embedded into the soil or held in place by friction. Box culverts tend to be 
used across shorter spans and are commonly used as storm drains. Figure 8 shows the size of the 
concrete box spanning across the Scouts Creek.  
 
Figure 8. Box Culvert Drawing 
Truss Bridge 
As mentioned in the alternative design of the pedestrian bridge, truss bridges are composed 
of an interconnected network of beams, arranged in triangular units, that holds the entire structure 
up (Refer to Figure 6). Truss bridges are known for their high strength that could hold up large 
loads. 
13 
 
 
 
 
Analyses and Findings: 
 
Pedestrian Bridges 
The Structural Engineer analyzes each of the alternative pedestrian bridge designs. These 
different alternative pedestrian bridge designs have their unique strengths and weaknesses. It is 
also important that each of these designs would have to be built above the high-water line (HWL), 
which is the absolute highest point the river has risen to during extreme flood events or hurricanes. 
The HWL for the creeks has been determined to be 21.5 feet by National Weather Service 
(https://water.weather.gov/ahps). In this section, we will discuss the positives and negatives of 
these designs. 
 
Suspension Bridge  
One of the foundations of the suspension bridge can be designed to be constructed at a 
higher elevation and span across the creek to a lower elevation; which assures a clear distance 
between the bottom of the bridge deck to the HWL, known as freeboard, as shown previously in 
Figure 2. This design would fit perfectly on the Scouts Creek’s crossing. The aforementioned 
eliminates the possibility of the bridge being submerged underwater during the high flood level, 
causing any damage to the structure or causing a cease in pedestrian’s mobility and accessibility. 
Another reason to consider for the suspension bridge design is the aesthetically pleasing design. 
The design of the bridge fits the look and aesthetics for what the clients are looking for at the OEC 
which are a more nature friendly look. Additionally, the other great consideration for this design 
is the relatively inexpensive cost of construction compared to the suspended bridge design and the 
ease of maintenance compared to the truss design bridge. Due to the ease of maintenance, there 
will be a less additional cost to be considered in the long run. 
Despite the strengths of the design, there are also weaknesses that needs consideration. The 
time of construction for the suspension bridge design is relatively long. Should note that upon 
analysis, the bridge may be more vulnerable to the wind in comparison to the truss bridge design. 
Due to this reason, the Structural Engineer would have to design to factor in a high wind load, 
which requires higher strength materials. 
 
Truss Bridge 
Truss bridge designs are great due to its economic and functional design. Additionally, the 
bridge makes good use of materials. Due to its design, the strength of the bridge design outweighs 
the cost of materials used. The truss bridge design can be constructed using materials such as wood 
or steel. Designing and constructing a wooden truss bridge would fit the aesthetic the OEC site. 
Upon research and analyses, due to high flood levels, the bridge would have to be built at 
a higher elevation to create a freeboard distance, which is the distance between the HWL and the 
bottom of the bridge. This can be accomplished through raising the height of the foundation which 
eliminates the possibility of the bridge being submerged underwater causing any damage to the 
structure, or a cease in pedestrian’s mobility and accessibility. In result, there will be a significant 
increase in the construction cost of the truss bridge. The reason behind the cost increment is the 
increasing amount of concrete in need to build a more substantial foundation. Due to the larger 
foundation, this would also mean a larger area needed for the support of the truss bridge and the 
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ramp that needed for the UTVs to drive up the ramp with ease. Compared to the suspension bridge 
design, the cost of construction may be inexpensive, but the maintenance cost of the truss design 
bridge is relatively high due to a large amount of maintenance needed for the bridge design. A lot 
of close and involved maintenance of the various components of the truss bridge is necessary to 
be analyzed. Because of the number of materials used, each material parts play an integral role in 
the safety and the structural integrity of the bridge design, which requires close monitoring which 
is why the maintenance cost of this bridge is high. 
 
Suspended Bridge  
There is minimal difference between the strengths and weaknesses between the suspension 
and suspended bridge. The foundation for both of the suspension and suspended bridge can be 
constructed at different elevations. Designing one of the foundations to be located at a higher 
elevation and span across the creek at a lower elevation could potentially help avoid the bridge 
from being submerged underwater.  
Due to the deck of the suspension bridge design to only supported by a series of cables, the 
bridge may be a little unstable for a UTV to cross.   
 
Low-Water Crossing 
The alternative designs for the low water crossing have been analyzed for their strengths 
and weaknesses. As mentioned, the designs considered for the low water crossing is the box culvert 
bridge design and truss bridge design.  The goal of the design is for emergency vehicles such as 
firetrucks to be able to cross the creek without an issue during high flood events.  
 
Box Culvert Bridge 
Box culvert bridges are beneficial for their simplicity of design and for being relatively 
inexpensive. The design of the box culvert bridge is economical due to the high strength and 
rigidity of the bridge which is great in sustaining the live loads of emergency vehicles such as 
firetrucks and UTVs. Due to the monolithic design of the box culvert bridge, no separate 
foundation is required for the design. The Structural Engineer would also have to take into 
consideration other structural components needed for a box culvert bridge, such as wing walls and 
retaining walls. 
Due to the strength of the concrete pillar in the middle of the culvert box, the water direction 
can be changed when a large amount of water is expected. Working closely with the Water 
Engineer, the significant impact of this issue to Scouts Creek has been determined. It has been 
determined that the initial design of the box culvert bridge was not able to provide accessibility to 
the site during high flood events due to a non-existent freeboard distance between the bottom deck 
of the bridge to the HWL. We have decided to redesign a much taller box culvert bridge in order 
to provide accessibility to the site. 
 
Truss Bridge 
The truss bridge is considered as an alternative design for the low-water crossing other than 
the box culvert bridge design. The low-water crossing provides access for emergency vehicles, 
and it is crucial for the access to be completely accessible all year round for the vehicles to gain 
access over the creek. The high strength of this design will be able to support the loads of 
emergency vehicles an UTVs. The height of the bridge will be designed above the freeboard 
distance which is the distance between the HWL and the bottom of the bridge. 
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Recommendations: 
Each bridge designs have their own sets of strengths and weaknesses to take into 
consideration. Each design proposed has been recommended based on the budget, aesthetics, and 
feasibility. Upon analyses, the Structural Engineer would highly recommend the suspension bridge 
design for the pedestrian bridge at Scouts Creek and the truss bridge design for the pedestrian 
bridge at Stevens Creek. The design considered for the low water crossing is the truss bridge 
design. 
Though the truss bridge design may be more cost-effective, the suspension bridge design 
is more durable and requires less maintenance in comparison to the truss bridge design. The design 
of the suspension bridge would also require less surface area on the site due to the larger ramp 
needed as discussed. The suspension bridge design would be perfect for the Scouts creek due to 
the topography of the area.  
The truss bridge on the hand would work well for the Stevens Creek due to the topography 
of the area. Since the river channel is deeper, and the bank of the river is higher, the foundation of 
the truss bridge would not need to be any taller. Therefore, less amount of area will be used for the 
ramp to create access for the pedestrians and UTVs in comparison to the Scouts Creek. 
The Wingineers would also recommend the truss bridge design for the low water crossing 
because of its high strength that is suitable to sustain the live loads of the emergency vehicles and 
UTVs.  
We hope CC-UNL would highly consider our structural recommendations. 
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Water Resources 
As Designed by Bo Kitrell 
 
Introduction: 
The Outdoor Education Center (OEC) is a beautiful facility located east of the City of 
Lincoln. This facility provides many opportunities for the youth of Lincoln and surrounding 
areas to discover the beauty of nature and gain knowledge of the outdoors through various 
experiences on the property. In order to safely continue this education of the adolescents of 
Lincoln, there are various modifications, which should be made to ensure the well being of the 
visitors. This area is very susceptible to flooding, which could potentially be a danger to visitors 
that are within the central area of the property. This is because there are no existing structures 
that are not overtopped by a large storm event, and visitors could be trapped in the central 
portion of the property. Also, there are some structural updates on the property that we suggest in 
order to warrant safe transportation and grant access to the entire property. These structural 
modifications will be most beneficial long-term if the modifications are designed with erosion 
and flooding in mind. Also, in the central portion of the property, there is a small body of water 
that is smaller than a pond that could potentially be modified in order to enhance the experience 
of the visitors of the site. Lastly, there is a building that is directly in the floodway, which should 
be modified in order to not cause the rise of water in the case of a flood event. 
 
Site Information: 
 The Outdoor Education Center’s property is located directly east of 120th Street just 
outside of Lincoln Nebraska. North of the property, Stevens Creek branches off into a tributary 
called Scout Creek. Both Stevens Creek and its tributary, Scout Creek, directly intersect the 
property. The stream that is on the east side of the property is the main channel of Stevens Creek. 
The stream that is on the west side of the property is a tributary of Stevens Creek called Scout 
Creek. The main building and parking area are currently located on the west side of Scout Creek. 
In order to access the central portion of the property between the two creeks, there are two 
wooden pedestrian bridges that span over Scout Creek. There is also currently a low water 
crossing on the south side of Scout Creek in order for vehicles to have access to the central 
portion of the property. Most outdoor activities for campers take place in this central area of the 
property, so improving access to this area is important. Also, at the moment, the low water 
crossing does not constitute as emergency access in case of flooding of the property. Updating 
the low water crossing into a bridge structure to make the crossing functional even in the event 
of a 50-year storm is of great importance. Also, updating the pedestrian bridges in order to have 
utility task vehicle (UTV) access and to not be overtopped by a 10-year storm event are both of 
great importance. This is to ensure the full access of the property even during a moderate storm 
event. In the instance of a 50-year flood, the emergency access will be vital to gaining access to 
the middle portion of land even when the two pedestrian bridges are overtopped.  
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 The high discharges and, consequently, high velocities of water in this area due to 
flooding have caused erosion of the creek walls. Therefore, stream bank stabilization may be of 
great importance to safeguard the foundations of the structural modifications. At the moment, 
there is no access to the eastern side of the property because there is no way to cross Stevens 
Creek. In order to gain full access of the OEC property, some form of bridge structure would be 
important to cross Stevens Creek. In the middle of the property, there is a minuscule body of 
water that does not constitute as a pond. If the budget allows, modifications to this body of water 
would be beneficial to the overall experience of the OEC and also beneficial to the aesthetics of 
the property.  
 
Challenges: 
 There are various challenges in this project site that were alluded to in the preceding 
sections. For instance, there are challenges that come with the potential construction or 
modification on this property. The major concern with structures being built inside the OEC is 
flooding. The majority of the property is floodplain or floodway. There are various difficulties 
when trying to construct adequate, long-term structures that do not cost a significant amount of 
money when building in a floodway. Examples of these difficulties are additional stress on 
structures due to flooding, or the erosion of the structural foundations. Another reason building 
in a floodway is difficult is because the structure can cause the water level of the channel to rise 
if flooding occurs, and potentially cause more damage due to flooding downstream of the 
structure. The Federal Emergency Management Agency (FEMA) has regulations when building 
a structure in a floodway to ensure the water level does not rise. A permit to build in a floodway 
can be issued if the project does not increase flood heights. This certification can be granted if it 
is supported by technical data and endorsed by a professional engineer. This will create 
challenges in constructing the structures that cross Scout Creek and also the structure that crosses 
Stevens Creek. On the south Side of the creek, an emergency access bridge would be ideal, but 
the bridge must not be topped by a 50-year flood event in order to ensure access to the central 
portion of the property.  
 Another challenge faced on this site is that both Stevens and Scout Creek are meandering. 
Both of these streams are found on relatively flat areas of land and their various bends indicate 
that they are meandering. The importance of this fact is that meandering rivers erode sediment 
from the outer curve of each meander bend. The eroded sediment is then deposited to the inner 
portion of the curve. This causes each meander to grow larger over time. Because of these 
meandering stream properties, both creeks experience a great deal of erosion on the stream wall. 
This erosion is due to the velocity of the water causing a force perpendicular to the stream wall. 
This force is the force of shearing, or otherwise known as shear stress. The shear stress on the 
walls of the creek at the location of the updated structures can cause dirt to be eroded away from 
the foundation of the bridge. This erosion, if not managed, can cause structural damage and even 
failure to structures along these creeks.  
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 Another large challenge of this project is to comply with the Clean Water Act. The 
property being worked on is a wetland, and the Environmental Protection Agency (EPA) has 
many regulations through the Clean Water Act that protect wetlands in our nation. Section 404 of 
the Clean Water Act outlines various permits that need to be issued in order to modify wetlands 
without drastically increasing wetland impacts. The governing stipulations for this project in 
particular that we must be aware of while working on this project are the total wetland impact for 
a specific project must not be greater than 0.1 acre or else mitigation may be required. 
Mitigation, if necessary, is typically done by purchasing and restoring other wetlands in order to 
mitigate the effects from our specific project. Also, stream bank stabilization has another specific 
nationwide permit where it states that the stream can only be stabilized up to 300 feet. 
Fortunately, because we are trying to stabilize two separate creeks, a separate nationwide permit 
can be issued for each creek. This means that both Scout Creek and Stevens Creek can have up 
to 300 feet of stream bank stabilization measures.  
 
Analyses: 
 Using the Hydraulic Engineering Center River Analysis System (HEC-RAS), the rivers 
on this site were analyzed. This analysis is crucial to understanding the best structural 
modifications that need to be made on this site. The pedestrian bridges on the site have various 
structural problems that are outlined in the structural portion of this project. Because of these 
numerous structural problems, the bridges were deemed incompetent and need to be replaced. 
The construction of one new pedestrian bridge on each creek is viable in order to access all 
portions of the Outdoor Education Center property. As outlined above, these pedestrian bridges 
would both need to be built in order to grant UTV access throughout the property. Hydraulic 
analysis of the property is vital in order to construct these pedestrian bridges, and also to 
understand the type of emergency access crossing needed on Scout Creek. This hydraulic 
analysis is also very indicative of stresses on the creek wall due to sheering. HEC-RAS is a great 
tool that is used to model different types of crossings and to understand the effects of these 
crossings in terms of water height and shear stress on the channel. HEC-RAS models the cross-
sectional height of water during 2-year, 10-year, 50-year, and 100-year flood events. This 
property of the program is very beneficial to understand how high each structure needs to be 
built in order to not have water overtop the structure during a major flooding event.  
 Fortunately for the area of the OEC, hydrologic models have been previously constructed 
in order to determine the discharge of the creeks during various storm events. The structural 
engineer on the project carefully determined the most optimal bridge locations and these 
locations are shown in Figure 14 at the end of this water resource section of the report. Using 
HEC-RAS as a modeling tool, pedestrian bridges were modeled near these locations. Because 
cross sectional data that was provided was spaced out over the span of each creek, only one 
pedestrian bridge was modeled at a given cross section in between our two alternative bridge 
locations for each creek. This means that the storm modeling should be fairly accurate for both 
suggested bridge locations. The model of the pedestrian bridge over Scout Creek is shown in 
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Figure 9, while the Pedestrian Bridge over Stevens Creek can be seen in Figure 10. These 
bridges are both slightly sloped upwards in order to have water pass underneath during a 10-year 
flood event.  Note that the x-axis on each of the figures is increasing much more rapidly than the 
y-axis on the graph, which means that the bridge does not actually rise as high or as fast as 
suggested by the picture.  
 
 
 
Figure 9. Scout Creek Pedestrian Bridge Model on HEC-RAS with 10-year storm event 
 
 
Figure 10. Stevens Creek Pedestrian Bridge Model on HEC-RAS with 10-year storm event 
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 Lastly, the low water crossing is not able to constitute as emergency access to the site 
because during a 10-year flood event it is impassable. Therefore, we looked at various ways to 
create a crossing that was passable during a 50-year flood event in order to ensure the access to 
the central portion of the property during a flood event in case of emergency. The cross section 
of the emergency access bridge location selected, which is denoted in Figure 14 in the appendix, 
and is the same location of the low water crossing before in order to not have to modify any 
roads. Because the flood height of the stream is so high during a 50-year flood event, a bridge 
was selected in this location because the bridge could be slightly sloped upwards in order to not 
be overtopped. This emergency access bridge was modeled on HEC-RAS, and the model can be 
seen below in Figure 3. 
 
 
Figure 11. Emergency access bridge on the southern portion of Scout Creek modeled on HEC-RAS with 50-year flood event 
In order to ensure that the wetland impact does not surpass the 0.1 acres outlined in the 
Clean Water Act, a suggestion to make sure that the wetland effects are mitigated completely is 
to plant a riparian buffer on the east side of scout creek. The location of the suggested riparian 
buffer is shown in Figure 14. A riparian buffer is the planting of grasses, herbaceous flowering 
plants, shrubs, and trees in a specific way along a stream to enhance the stream quality, and, 
therefore, mitigate the effects of construction on this site. This riparian buffer would reduce 
water pollution; intercept surface runoff; protect from flooding by absorbing water and energy 
and also slowing water velocity; help protect vulnerable soil from erosion and use roots to 
stabilize stream banks; and provide fish and wildlife a sheltered habitat and food. Lastly, because 
of this Clean Water Act stipulation, the pond excavation may be difficult to justify. The wetland 
impact after excavation of the existing pond would be close to 0.1 acres alone. The priority of 
this site modification is first and foremost to gain emergency access to the central portion of the 
property, and therefore, the bridge structures take precedence over the excavation of the pond. 
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Findings:  
 Before modeling the bridges on HEC-RAS, a steady flow analysis was done to each 
stream at each cross section so that the depth values of the water without the bridge could be 
compared to the depth values of the water with the added bridge. This data can be found in Table 
1 below. As you can see, each pedestrian bridge does not cause the river to rise at all during the 
10-year flood event. Both of the pedestrian bridges cause an insignificant rise during a 50-year 
storm event and this slight rise is due to the fact that water overtops the bridge during the 50-year 
storm event. Lastly, the emergency access bridge does not cause a rise during a 50-year storm. 
The insignificant change in hydraulic depth means that these bridge designs are in compliance 
with FEMA no-rise requirements. 
 
Table 1. Hydraulic depth downstream of each bridge location before and after the modeling of a bridge in HEC-RAS 
 
10-Year Flood Hydraulic 
Depth (ft) 
50-Year Flood Hydraulic 
Depth (ft) 
 Without Bridge With Bridge Without Bridge With Bridge 
Pedestrian Bridge (Scout 
Creek) 9.62 9.62 10.69 10.70 
Emergency Crossing (Scout 
Creek) 9.69 9.69 11.36 11.36 
Pedestrian Bridge (Stevens 
Creek) 11.32 11.32 12.16 12.17 
 
 Another important piece of information gathered from the HEC-RAS data analysis and 
modeling is how much scour there will be on the channel downstream of the bridge designs. This 
shear stress data can be found in Table 2 below. This shear stress data will be used in order to 
determine the sizing of riprap, in accordance with Nebraska Department of Transportation 
(NDOT) standards, that will be placed on the stream bank. The aforementioned meandering 
properties of the stream are the main reason why streambank stabilization may be necessary 
around the bridge foundations. The location of riprap for each bridge is suggested in Figure 5. 
Each of these riprap segments should be less than 150 feet in length in order to comply with 
nationwide permit 13 of the Clean Water Act. This means that there will be a total of 300 feet of 
riprap on Scout Creek, and a separate permit will be needed to riprap Stevens Creek.  
 
Table 2. Shear stress on the creek wall downstream from each bridge model on HEC-RAS 
 50-Year Flood Shear Stress (lbs/sq. ft.) 
Pedestrian Bridge (Scout Creek) 1.24 
Emergency Crossing (Scout Creek) 1.7 
Pedestrian Bridge (Stevens Creek) 1.02 
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Another interesting finding that was made through HEC-RAS was that the hydraulic 
depth at the cross section of the low water crossing was not much greater between a 100-year 
storm event compared to a 50-year storm event. Actually, if the height of the modeled bridge is 
raised a half of a foot, then the bridge easily overtops a 100-year storm event. This alternative 
bridge model can be seen in Figure 12. 
 
 
Figure 12. Emergency access bridge on the southern portion of Scout Creek modeled on HEC-RAS with 100-year flood event 
 
Recommendations:  
 In order to cross both Stevens Creek and Scout Creek safely, we suggest that new 
pedestrian bridges are built with flooding and scouring in mind. With that being said, the rough 
cross section of the two pedestrian bridges that are not overtopped during a ten-year flood event 
are shown in Figure 9 and Figure 10. These two pedestrian bridges should be wide enough to fit 
a UTV in order for vehicular access to all parts of the OEC. Also, in order to grant emergency 
access to the central portion of the property, the structural engineer suggested that a truss bridge 
replace the low water crossing. The cross section of the bridge at this location should be similar 
to the one diagrammed in Figure 11 in order to not be overtopped during a 50-year flood event. 
Although, Figure 12’s cross section could serve as a plausible alternative if 100-year emergency 
access is desired.  
 We suggest that each of these new bridge locations should be stabilized in order to 
prevent the erosion of the bridge abutments, therefore, protecting the bridge from any form of 
structural damage or even structural failure. Our main suggested stream bank stabilization 
method is riprap. In order to size the riprap, the tabulated shear stress values downstream of each 
bridge that are found in Table 2 must be compared to the sizing found in section 7.A.3 of the 
Nebraska Department of Transportation (NDOT) drainage design and erosion control manual 
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(2006). An exact copy of this NDOT table is found below as Table 3. Because all of the shear 
stress values in Table 2 are less than the permissible shear stress value of 3.08 psf of rock riprap 
type A, all of the riprap in the area can be sized as riprap type A. Section 905 of the NDOT 
Standard Specifications for Highway Construction (2017) outlines the gradation requirements for 
rock riprap type A. These gradation requirements can be found in Table 4. All the rocks in 
Riprap Type A will be smaller than 150 pounds. Half of the rocks should be less than 35 pounds. 
Lastly, no more than 10% of the rocks should be smaller or equal to two pounds. 
 
Table 3: NDOT permissible shear stress for different sizes of riprap 
 
 
Table 4. NDOT Gradation requirements of rock riprap type A 
 
 
   
The last suggestion pertaining to water resources is making a riparian buffer. Plants will 
be selected by species and planted in specified zones as shown in Figure 13. Plants with flexible 
stems and creeping root systems are planted in the toe zone and bank zone. Small to medium 
shrubs are found in the bank and overbank zones, and large shrubs and trees are usually found in 
the Upload Zones and Transitional zones. The University of Nebraska-Lincoln specifies which 
Nebraska Native trees and shrubs are commonly used for each section in the document “Planning 
Your Riparian Buffer: Design and Plant Selection”. A Redosier Dogwood is an example of a 
small shrub that could be planted in the bank or overbank zone. A large shrub like the American 
plum would be an example of a plant planted in the transitional zone. Along with this large 
shrub, a small tree like the Black cherry tree would also be an example of a plant in the 
transitional zone. The Bur Oak is a Nebraska native large tree that would work well if planted in 
the upload zone. All of these plant types were identified as trees that you specifically wanted on 
your property in the OEC tree plan that we were given. These trees, if planted in the specific way 
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outlined, would improve the stream greatly, mitigate the effects of construction, and would also 
be educational for the children that visit the site. The location of the suggested riparian buffer is 
denoted in Figure 14, although the riparian buffer can be extended to stretch a longer area of the 
stream in order to benefit the OEC even more immensely. 
 
 
Figure 13: Riparian planting zones in a Riparian buffer 
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Figure 14: Alternative locations of pedestrian bridges and the location of the low water crossing with riprap locations for each 
bridge 
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Environmental Engineering  
As designed by Chris Bianchini 
 
Introduction:  
The following environmental engineering technical memorandum addresses the state 
regulations and features of the Outdoor Education Center’s (OEC) onsite wastewater lagoon and 
water well. Both features are highly important because they concern the health and safety of the 
staff and campers, as well as the health of the surrounding natural environment. These features 
already exist onsite and are known to function well, so this report will evaluate if they meet the 
current regulations set by Nebraska and if they meet the required future demands of the camp.  
 
Site Information: 
The OEC pumps its sewage to a wastewater lagoon, which is an above-ground pond 
where sewage can be safely stored. It is located on the north edge of the camp, just east of the 
main parking lot. The current wastewater lagoon was designed during the 2001 OEC site 
improvements. Though the lagoon is nearly 20 years old, if it is large enough to hold the waste of 
the camp and meets the current Nebraska Department of Environmental Quality (NDEQ) 
regulations, it does not require changes.  
The only water source for the campsite is a well located just south-east of the site’s main 
building. It was last serviced during the 2001 OEC site improvements. The well features a 
submersible pump which feeds into a water softener and water tank located in the basement of 
the facility.  
 
Challenges: 
The lagoon must be placed at an elevation where it does not risk being damaged or 
spilling contamination during a 100-year flood event. Also, it needs a location where it risks no 
harmful underground seepage to anything nearby. It must be designed with a size large enough to 
prevent it from overfilling and in a manner that it poses no risk to the surrounding environment. 
It also must have several design features stated by the Nebraska Department of Environmental 
Quality (NDEQ), some of which include a dike, warning signs of the hazardous water, a fence, 
and a concrete inlet pad.  
The water well must be sized so that it meets the maximum typical demands that the 
camp can draw, which is determined by the amount of water fixtures that the well serves. It must 
be located far enough from the lagoon that it risks no contamination through lagoon seepage. The 
lagoon should also draw clean, potable water that poses no health risk to the people it serves.  
 
Alternatives: 
Some alternatives for the wastewater lagoon are to increase the size of the lagoon to 
decrease the frequency of needed pumping, remove the lagoon and install a septic tank, or 
remove the lagoon and connect to the City of Lincoln trunk sewer. The lagoon does not have 
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very much space to expand, as expansion will encroach on the parking lot or the minimum 
setbacks defined later in the analysis of the report. Installing a septic tank would allow the waste 
to be stored underground, though would not provide significant benefit over the wastewater 
lagoon because the land above the septic tank could not be developed. Connecting to Lincoln’s 
trunk sewer would require the annexation of the camp’s land by the City of Lincoln. This 
annexation is not anticipated to happen soon, so the trunk sewer is not currently a viable option 
for analysis. Removal of the lagoon will greatly increase construction costs while the alternatives 
provide little benefit, so it is most cost effective to use the existing lagoon if possible.  
An alternative water source to the water well may be to connect to the City of Lincoln’s 
water supply or to connect to the rural water supply. Connecting to Lincoln’s water supply would 
require the annexation of the camp by the City of Lincoln, which is not anticipated in the 
immediate future. Connecting to city water or to rural water would also require the construction 
of a distribution line. For these reasons, it is most cost effective to utilize the existing well. 
 
Analysis and Findings: 
Lagoon Location 
The minimum setbacks of wastewater lagoons are regulated by the Nebraska 
Administrative Code (NAC) Titles 123 and 124 from NDEQ. A table of the minimum setbacks is 
provided in Chapter 5, Table 5.1 of title 124 The important setbacks related to this lagoon 
include its distance from the property line, the OEC building, the stream, and the water well. 
When measuring the setback distances, it is important to measure from the Ordinary High-Water 
Mark (OHWM) of the lagoon, which is the point where the lagoon is at its highest water 
elevation. The lagoon must also be 1-foot above the Federal Emergency Management Agency’s 
100-year flood elevation, and the lagoon safely clears this flood elevation as shown in Figure 15. 
The setbacks of the lagoon to the points of interest were measured using Google Earth. These 
setback measurements are given in Figure 15. For private drinking water wells, the lagoon has a 
required setback of 100 feet. The lagoon to water well has a 280-feet setback, which meets the 
required 100-feet setback for private drinking water supplies. The OEC setback is 177-feet from 
the lagoon, which meets the required 50-feet setback. The stream has a 95-feet setback, which 
meets the minimum required 50-feet setback. Finally, the property line has a setback of 88-feet, 
which meets the minimum setback requirement of 50-feet.  
The setback of trees around the lagoon are an area of concern. The title states that a 50-
feet distance from trees should be maintained to allow for proper air mixing of the water and to 
prevent root penetration of the lagoon’s liner. Shrubs and other trees within the berm of the 
lagoon must be removed and grasses must be mowed to permit airflow and prevent vegetation 
overhang. On the day of the site visit, there were about 3 trees on the north side of the lagoon 
that encroached on the 50-feet setback, and many shrubs within the dike that should be removed.  
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Lagoon Design Flow 
The design flow of wastewater lagoons is regulated under Title 124, Chapter 12. This 
chapter covers the rules and regulations of onsite wastewater treatment systems. The design flow 
is be used to decide if the current lagoon is large enough to meet the future needs of the camp. 
The design flow that is used to size the lagoon is the average annual flow into the lagoon. Waste 
contributed from large annual events onsite are factored into the average annual flow  
Title 124 Chapter 12 lays out the design principles according to regulation of wastewater 
lagoons. There are two categories of flow calculation: Dwelling flow and non-dwelling flow. 
Dwelling flow applies only to the house onsite, while non-dwelling flow applies to flow from the 
OEC facility. The average flow is considered the sum dwelling and non-dwelling flows averaged 
across the entire year, which is the flow from the house as well as the OEC building. The chapter 
dictates the demand for dwellings to be calculated as follows. Note that the residence on site is 
assumed to have 2 bedrooms.  
Demand = 150gpd + (#Bedrooms − 1) ∗ 75gpd 
Demand = 150gpd + (2 − 1) ∗ 75gpd = 225gpd 
For non-dwelling structures, the demand must be estimated using known populations that the 
camp serves multiplied by the unit wastewater flow based on the type of use that the camp is 
serving (IE classes vs day camps). To estimate the average non-dwelling flow, some of the major 
events, their durations, and populations were recorded. Flows from major events were averaged 
over the course of the year. The average daily flow from these events were added to the constant 
225gpd daily dwelling flow for a total annual average daily flow of 443 gpd. Table 5 shows the 
major events, their populations, and flows. 
 
Lagoon Design 
Title 124, Chapter 18 concerns the design of wastewater lagoons. The wastewater lagoon 
must be sized so that it can handle the annual waste flows. The lagoon is 57 feet wide by 119 feet 
long by 6 feet deep, not including the freeboard height. It has a 24-feet long slope along each 
long end, with a gradient of 1:4. The total capacity of the lagoon is 24,282 feet3, and the volume 
of the lagoon above the minimum depth is 15,276 feet3. This calculation is shown below:   
𝑉𝑜𝑙𝑢𝑚𝑒 = 57 ∗ 119 ∗ 6 − 2 ∗ ൬
1
2
∗ 24 ∗ 6 ∗ 57൰ = 24,282𝑓𝑡ଷ 
𝑉𝑜𝑙𝑢𝑚𝑒 𝐴𝑏𝑜𝑣𝑒 𝑀𝑖𝑛 𝐷𝑒𝑝𝑡ℎ =  24,282 −
(71 + 87) ∗ 57 ∗ 2
2
= 15,276𝑓𝑡ଷ 
The amount of time that the lagoon needs between pumping can be estimated using the average 
flow, precipitation, evaporation, and seepage rates. Given a precipitation rate of 28 inches/year, 
an evaporation rate of 43 inches/year, a seepage rate of 0.125 inches/day, and a minimum depth 
of 2ft, the average time between pumping is approximated at once every 327 days. This 
calculation is shown below. This length of time for emptying of the lagoon is like the 
approximate yearly duration estimated by the camp staff, indicating that the calculated average 
flow likely close to the real flow conditions. The gage height of the lagoon should be used to 
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determine when lagoon pumping is required, indicated by the depth of the lagoon encroaching on 
the 1-foot required freeboard. 
𝑇𝑖𝑚𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑃𝑢𝑚𝑝𝑖𝑛𝑔 =
15276 ∗ 7.48
443 + ቀ 28 − 4312 ∗ 365 −
0.125
12 ቁ 119 ∗ 57
= 327 𝑑𝑎𝑦𝑠 
The peak flow is used to determine the maximum permissible water surface area of the lagoon. 
To determine the peak flow, a control population is estimated as 250 Campers and 70 Staff 
during the Week-Long Day Camp. The house is assumed to have 2 bedrooms, and 15 of the 70 
staff are considered full time and are delegated a greater waste flow value for this reason. The 
flow for this camp is 3616 gpd, as shown in Table 5. The maximum surface area determined 
from the peak flow is 33,918 ft2, which is much larger than the current surface area of 6783 ft2. 
This means that the current surface area of the lagoon does not exceed the maximum surface area 
stated in the regulation. The method for calculating the Maximum Water Surface Area is given in 
Figure 16 of the appendix. The calculation is as follows: 
𝑀𝑎𝑥 𝑊𝑎𝑡𝑒𝑟 𝑆𝐴 =
(3616𝑔𝑝𝑑) ∙ 976
(43𝑖𝑛 − 28𝑖𝑛) ∙ 1.67 + 3𝑓𝑡 + (18 𝑖𝑛/𝑑𝑎𝑦 ∙ 608)
= 33,918𝑓𝑡ଶ 
 
Lagoon Draining and Rehabilitation 
When the lagoon is drained for inspection, the current waste in the lagoon must be 
remediated in accordance with NAC Title 124 Chapter 17. The waste must either be pumped by 
a certified pumper and moved by truck from the lagoon into an inlet of the city sewer system for 
treatment or scraped and later land applied. Land application of human biosolids is regulated 
under NAC Title 119, Chapter 12. Pumping is a more favorable option because it is less time 
consuming than ground application and has less environmental impact. The pumping option has 
been previously used by the camp for a price of $0.003/gal. This means that the approximate cost 
for pumping and disposing of the sewage in the lagoon will be: 
𝐶𝑜𝑠𝑡 𝑜𝑓 𝐷𝑖𝑠𝑝𝑜𝑠𝑎𝑙 =
$0.003
𝑔𝑎𝑙
∗ 7.48
𝑔𝑎𝑙
𝑓𝑡ଷ
∗ 24,282𝑓𝑡ଷ = $525 
If the lagoon is modified, its liner must be tested for permeability, which is the rate with which 
water can seep through the liner. Any plants or roots that pierce the liner of the lagoon will need 
to be removed and holes must be repaired. A test showing a seepage of higher than 0.125in/day 
will indicate that the liner be repaired with clay or covered with an artificial liner. Finally, some 
necessary features that the lagoon already has are a 42in fence needs to be placed around the 
perimeter of the lagoon with a gate of at least 10 feet wide. Signs warning of the hazard of the 
lagoon must be posted, and a berm should exist around the mounded hill of the lagoon that can 
capture any accidental spillage.  
 
Water Well Size 
The current water well is 150 feet deep. It has a 5HP submerged pump at a depth of 80 
feet. The well is currently pumping 60 gpm, but it has a stated capacity of 70 gpm should the 
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need for more flow arise. A contractor from Moser Well Drilling stated in 2002 that increasing 
the flow rate out of the pump may cause sand or sediment to be transported in the well water.  
NAC Title 124 Chapter 1 states that a private well is any well with less than 15 service 
connections that serves less than 25 people regularly and has a capacity less than 100gpm. 
Because the OEC has a caretaker resident and only 12 full time staff and individual visitors 
typically only stay for a day, the well regularly serves less than 25 individuals. The water well 
currently pumps 60 gpm at 60 psi based on notes left by service professionals on the pumping 
controls, as shown in Figure 17. This means that the water well holds the distinction of a ‘private 
well’, meaning it is held to less strict regulations.  
 
Water Well Capacity 
Determining the required capacity of the well is based on the number of fixtures that it 
serves, and the Water Supply Fixture Units (WSFU) of said fixtures. The estimated number of 
fixtures and their uses are provided in Table 6. The grounds totaled 48.8WSFU, which 
corresponds to a demand of about 50gpm. This means that the possible water demand of the 
facility is well within the capacity of the water well. Irrigation was not included in this demand, 
though there is enough capacity and available additional capacity for the water well to irrigate. 
Irrigation should be done at a time when water demand is low as to not exceed the capacity of 
the pump. 
 
Recommendations: 
It is recommended that the OEC continue to use the onsite wastewater lagoon. The 
expense for expanding the lagoon does not justify the benefit of having a larger lagoon. It is 
recommended that the OEC remove any trees within 50 feet of the lagoon and remove any plants 
other than short rooting grass from around the perimeter of the lagoon. A maintenance schedule 
should be set to keep the lagoon in good condition and to monitor the water level. Title 124, 
Chapter 15 covers the maintenance of wastewater lagoons. There are a few important 
maintenance items that must be kept up with.  
The following are important maintenance items that the OEC will need to follow: 
1. The liquid depth of the lagoon must be maintained at a minimum of 2 feet. This 
minimum depth is required to allow for proper waste treatment, algae growth, and 
prevention of rooted plant growth. It also prevents drying and cracking of the lagoon 
liner. This will be especially important to watch during hot, summer months and after 
lagoon pumping or draining.  
2. The freeboard height is the vertical distance between the top of the lagoon and the lagoon 
water line. The freeboard height shall be at least 1-foot. If the water level begins to 
encroach on the minimum freeboard height, the lagoon will have to be pumped. To be 
sure that the lagoon is within its minimum and maximum water levels, maintenance staff 
should check the water level of the lagoon every month as well as after large events. 
Water must be added or removed as needed.  
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3. Vegetation in and around the lagoon must be monitored and maintained. The grass 
immediately around the lagoon should be short rooting. The grass around the lagoon and 
on the top of the dike should be mowed to maintain a maximum length of about 6 inches 
to allow for adequate airflow over the lagoon surface. Any trees within 50 feet of the 
lagoon should be removed. Any trees or shrubs that begin rooting within the dike must be 
quickly removed, as roots puncturing the lagoon liner will cause rapid degradation of the 
liner from water flow around the root. Any water plants growing on the lagoon surface 
must be removed. Trees, shrubs, and water plants should be checked for with every 
mowing.  
It is recommended that the OEC continue to utilize their water well, as it is still functional and is 
large enough to support the required capacity of the camp. As any fixtures or water using 
appliances are replaced in the facility, it is suggested that they be replaced with a high efficiency 
model to reduce water use. Should the OEC choose to begin irrigating the grounds, it is 
suggested that the site schedule irrigation outside of peak water demand times, like early in the 
morning. Should the site choose to run the well at a higher flow, the system should be checked 
for grit and sand to test for possible erosion.   
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Figure 15. FEMA Flood Hazard Map via Google Earth 
Table 5. Average wastewater flow 
Event Days Population Daily Per-Capita 
Waste(gpd) 
Dwelling 
(gpd) 
Total 
(gpd) Staff Visitors 
Typical Day 276 12 20 5.3 225 169.6 
Weekend 52 12 20 5.3 225 394.6 
Week-Long Day 
Camp* 
6 70 250 11.3 225 3616 
Cub Day of 
Awesomeness* 
1 70 300 5.3 225 1961 
Training Events 30 12 15 11.3 225 305.1  
Annual Daily Average (gpd): 443 
*Use of portable bathrooms may make this unrepresentative of real flows. 
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Figure 16. Title 124 max water surface area equation 
 
 
Figure 17. Water well pump notes 
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Table 6. Fixtures and Demands 
 
 
  
Fixture Type Number Multiplier 
(WSFU) 
Total (WSFU) 
Sink 8 1 8 
Toilet 8 1.6 12.8 
Urinal 4 1 4 
Shower 5 2.5 12.5 
Bathtub 1 4 4 
Dishwasher 1 1.5 1.5 
Drinking 
Fountain 
2 0.5 1 
Laundry Sink 2 1.5 3 
Washing 
Machine 
1 2 2 
  
Total: 48.8 
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Geotechnical Engineering  
As designed by Moujtaba Mohammed  
 
Introduction: 
As requested in the Request for Proposal (RFP), the geotechnical engineer in this 
segment of the mid-design report will cover OEC’s existing soils information, geotechnical 
concerns, and finally geotechnical design recommendations for the proposed structures to be 
built on the site. The existing soils at the OEC were evaluated, and their stability for placement 
of utilities, structures, and associated site features in and above these soils was determined. The 
geotechnical design efforts for the proposed structures will include the following; foundations for 
two pedestrian bridges – one over Scout Creek and Stevens Creek, and one for the proposed box 
culvert at the existing low-water crossing.  
   
Site Layout Information:  
Existing Soil Outline 
The most important initial Geotechnical review step is to investigate the subsurface 
conditions and nature components of the existing soil where design of the proposed structures is 
to be built. According to the Natural Resources Conservation Service (NRCS) web soil survey 
data provided on their website, the existing soil properties on and nearby Stevens and Scout 
Creeks is made up of Nodaway series soil which lies on a mixture of sand, silt, clayey and loam 
soils. The history of the shallow silt and clay offers weathered silty alluvium and Peoria 
formation soils. The physical and chemical properties of the soil consist of inorganic sandy clay, 
medium plasticity and stiffness, highly compressible, earthy odor, and most importantly tend to 
be very moist. These types of soils are moderately well drained soils, which are located on 
frequently flooded plains. The Nodaway series of sandy and silty clays exist in a medium stiff 
condition within the surface to the bottom 12 feet layer of excavation. Medium stiffed lean and 
sandy lean clays exist at depths of 12 to 22 feet, but fine sand grains and root holes exist between 
17 to 22 feet of the soil layer. The first layer of strong clay with high plasticity was initially 
discovered at a depth of 22 feet, and the same type of soil continues down to nearly 20 feet after 
the first discovered layer. Using the geotechnical document provided by the Schemmer 
Associates, soil borings B-16 and B-17 were used to obtain important information about the 
types of the existing layers on various desired locations on the project. The following borings are 
shown on Figure 19 and Figure 20. 
 
Current Unstable Streambank 
 Both the existing streams in Scout and Stevens Creek were both a result of natural and 
human impacts. As Schemmer Associates stated on page 18, “The streams were straightened in 
the 1920’s and later to remove runoff water more efficiently and to allow crop production on the 
most fertile lands of the area”. Due to the straightening of the stream it resulted in the deepening 
of the stream networks. Since the streambanks have no protection, the straightening of the stream 
led to extreme soil erosion on the upper regions of the streams. As a result of the streambank 
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erosion it also resulted in an increase of sediments, trees and other materials into the stream. 
Resultantly, the deposited soil and other materials into the streams led to the growth of many 
mature plants and trees’ roots. The existing unstable stream is shown in Figure 21. The erosion 
and sedimentation of soil into the stream is what led to the instability of both the timber bridges 
over Scout Creek. As shown in Figure 22, the bridge abutments have clearly little contact with 
the soil to support the case of erosion, the scours and head-cutting of the soil around the bridge 
abutments is shown. According to the USGS website, overtime bridge scour and erosion can lead 
to bridge failure. From personal experience, I have attempted to cross to the other side of the 
bridge but failed to do so due to the bridge was slightly bent, shaking, and multiple bridge tiles 
were missing of the ground. Also, after being informed by the water resources engineer, the 
water utility lines are located under the Scout Creek timber pedestrian bridge. To ensure that the 
pipe is physically safe from any natural or human misfortunes we believe the pipe system should 
be ran below the ground surface to avoid any major water shut down similar to the current winter 
season water shutdowns.   
 
Groundwater Table 
According to the information provided by the borings shown in Figures 19 and Figure 20, 
we could see that the OEC land obtains a high groundwater table. The groundwater table levels 
were ranged and will be encountered between 6 to 22 feet below the ground surface level.  
 
Challenges:  
Bridges 
The current type of soils under the bridges are yet unknown. However, if the same boring 
logs provided by Schemmer’s of nearby locations are precise enough to match the same soil 
conditions below the existing bridges it will lead to major concerns. Due to the high 
compressibility of clayey soil located at depths up to 20 feet, structures and foundations can 
consolidate and settle lower if the clayey soil is saturated with water. Due to the pressure of the 
bridge, the can be eventually squeezed out overtime causing this consolidation and low 
settlement. We have come to a decision to avoid any major deep settlement of bridges on the 
weak saturated soil. It is best to build the bridges on top of stronger soil, by utilizing stronger 
foundation to reach those strong layers. To uphold that the bridges’ heavy weight load is 
transferred to stronger soil, we propose that the use of alternative foundation options will support 
our claim.  
 
Unstable Streambanks 
Another problem that we will run into while constructing of bridge structures are mature 
rooted plants and trees all around the Scout and Stevens Creeks. This type of vegetation is 
anticipated to cause major difficulties during construction. The mature plants and trees are all 
rooted down below the surface of the ground and have no limitation to not invade any other 
human constructed structures. If the current condition of the rooted plants and trees is left alone 
37 
 
it is anticipated to cause damage to structures, pavements, and utilities. If new site proposed 
developments are constructed, the mature plants and trees roots are expected to keep growing 
and intervene with the underground structure and soils of the proposed structures.    
 
Groundwater Table 
 As stated above under the groundwater table site information, the groundwater table 
levels are between 6 to 22 feet below the ground surface level. The high groundwater table is 
anticipated to cause major difficulties during the construction stage of the bridges, lagoons, and 
other constructing work to take place within the OEC. After further research, the only way to 
avoid major setbacks during the construction stage and to work around the high groundwater 
table is to use any of the simple accessible dewatering techniques such as sump or ejector 
pumping technique.  
 
Alternatives: 
Streambank Stabilization 
Due to the proposed water resources streambank stabilization techniques, we recommend 
the clearing, grubbing, and removal of all major plants and large rooted trees. Along with 
clearing, grubbing, and removal of mature plants and trees it will aid to prevent the ongoing 
streambank erosion and to rehabilitate its current existing view. The water resources engineer’s 
streambank recommendation is the installation of riprap along the stream at the location of the 
bridge foundation. The engineer’s suggestion is the use of riprap on both the upstream and 
downstream of the aforementioned bridge locations one over Scout and Stevens Creek. In order 
for the riprap bank stabilization method to occur we must first take care of the mature rooted 
plants and trees on the streambank. We are proposing the clearing, grubbing, and removal of all 
major plants and roughly 17 large rooted trees off the sites of where the foundation and the 
bridge and culvert construction is expected to take place.  The stream bank stabilization 
measures discussed in the water resources section should make up for the removal and disposal 
of unwanted materials and objects. Also because of the removal of some of the trees in the site 
area, the planting of the riparian buffer will be crucial to the forestry in the area. The water 
resources engineer believes Riparian buffers “reduce water pollution, intercept surface runoff, 
protect from flooding by absorbing water and energy and slowing water velocity, help protect 
vulnerable soil from erosion and use roots to stabilize stream banks, and lastly provide fish and 
wildlife a sheltered habitat and food” (Water Resources Engineer’s TM Alternative section). All 
the matters about the streambank stabilization methods will be furtherly discussed by the water 
resources engineer to clearly show details of it. 
 
Groundwater Table 
 For the high ground water table, we have come up with two options. The first option is to 
use the dewatering technique of sump pumping. The second option is the use of ejectors. 
Ejectors are similar to sump pumping, but ejectors are typically used where the groundwater 
38 
 
must be lowered more than 15 feet. Ejectors use the air inside the wells to produce a vacuum to 
gather water out of the soil. The ejectors system uses tanks and supply pumps to extract out the 
groundwater and to lower the groundwater table. Both groundwater extraction options are both 
similar to each other but depending on the engineer it might different to which one they shall use.  
 
Structural Foundation 
The structural engineer’s suggestion for the crossing of Scout Creek is to build a high 
suspension bridge and to build a truss or a suspension bridge over Stevens Creek to allow the 
OEC to access the East side area of the OEC property. For both bridge options, the tower and 
abutment segments will support the bridge’s cables and all the other components by transferring 
all of their loads to the foundation. Both the tower and abutment parts of the bridge’s design will 
be built on the same type of driven pile foundation. Based on the proposed different types of 
bridges on the site, major concerns must be acknowledged. First concern of the proposed bridges 
is due to its large weight bearing which it will be standing on top of the foundation, which must 
be insured to be on top of resistible soil layer. Based on the boring logs provided in Figures 18-
21, roughly located at an excavation depth of 20 feet below the surface clayey type soil exists 
within the specified depth. The main goal of this is to reach the restrictive layer depth of 22 feet, 
which physical, chemical, and mechanical features and properties of the soil impede the 
movement of flow of water and air to ensure a stable and nondestructive structure. 
Wingineer’s geotechnical proposal to ensure the stability and efficiency of the two 
bridges is to build the structures on top of a shallow foundation or driven piles deep foundation.  
If the two bridges across Scout and Stevens Creek are to be built on a shallow foundation, the 
excavation and replacement method shall be used. The excavation of the weak, highly 
compressible soil shall be excavated to a depth of 22 feet and replacing the clay with more 
suitable well-graded sandy type soil. The process of removing and replacement is one of the 
oldest and simplest known method to mankind. It involves the removing of a determined 
segment of weak soil where the bridge will be built and replacing it with stronger soil. Using this 
method is simple where it involves standard construction excavation, fill and compaction trucks 
and equipment. After the bringing in of new strong soils, the use of standard shallow depth 
foundation could be used for the bridge. The use of excavation and placement technique is 
limited due to the high-water table that ranges at depths of 3 to 6 feet, which in this case would 
not be practical, but still capable of being completed, but would require further drainage methods 
to be used, which would require much significant amount of time and money. The using of deep 
driven pile foundations is a speedy process that involves a pile driver machinery that is used to 
drive piles into soil to provide foundation support for the bridges. Why the of deep foundations? 
According to LABC.com, clay soils are made up of 40% water, which causes the soil to shrink or 
swell when facing enough force from the structure existing on top of it. Therefore, by driving 
two 23 feet long piles at each abutment of the bridges it transfers the load capacities of the 
structures to deeper stronger layers below the clay soil. By using deep driven piles as the 
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foundation, it will assist the stability of the structure’s through transfer of load to deeper layers of 
soils.   
 
Analyses: 
Streambank Stabilization 
Prior to the proposed construction of the streambank stabilization methods, the 
streambank should be cleared of any unwanted vegetation or any other solid materials. As 
Schemmer Associates stated on page 18 Stevens Creek guidelines, "Many of the area stream 
banks exist at an inclination of 1.0-horizontal to 1.0-vertical… Calculations show that a stream 
bank inclination of 2.0-horizontal to 1.0-vertical is stable”. Based on the obtained information, 
the existing creek must hold a 2 run to 1 down slope to prevent a possibility of any major 
streambank erosion. 
 
Groundwater Table 
The use of either dewatering technique will be necessary to ensure the drop of the 
groundwater table to a depth of 22 feet. Cofferdams and sheet pilings will be needed to be used 
for any construction that will occur around any saturated soil. Also, they will be essential to keep 
water or anything out of the construction area. Using the ejector dewatering technique will be 
super effective and will ensure the reduction of pore pressures or groundwater levels. The results 
of this technique will result in a stable and safe soil conditions in excavations below groundwater 
level and will allow the installation of the bridge structure’s foundations, stream stabilization 
methods, and overall construction that will occur on the high groundwater table site.   
 
Bridges Foundation 
The foundation option to take into consideration for the construction of the two bridges is 
to use driven piles deep foundation. Driven piles are used to transfer the heavy structure loads 
down to deeper strong soil layers. Deeper layers of soil are layers where the soil is able to 
withstand and prevent major settlement due to the high capacity of the bridges. For Scout and 
Stevens Creeks, the bridge’s abutments would be right on top of driven piles that link the bridge 
structure down to deeper and stronger soil located at 23 feet below the ground surface. The only 
anticipated setbacks for the construction of the deep foundation option would occur during the 
construction of the driven piles. Driven piles are installed using massive trucks and equipment to 
impact or vibration hammers to a design depth or resistance. The major concern would be to 
come up with a better solution of how the large trucks and equipment would be able to access the 
location to construct the bridge.  
 
Findings: 
According to Schemmer’s geotechnical report boring number 16, Nebraska glacial till 
layer will be encountered at a depth of 33 feet below the ground surface. The Nebraska glacial 
till is a very stiff and high plasticity clayey type soil. The existing glacial layer is very moist at 
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this point. According to concreteconstruction.com, if the glacial till layer is to convert from 
moist to a dry layer, the soil will be easily to disintegrate. If this is the same case for the locations 
of where the bridge’s foundation construction will take place special measures must be took into 
consideration. The special measure will safeguard that the bridges will be safely stable under all 
moistness of the glacial soil layer.  
 
Recommendations: 
Streambank Stabilization 
 For the streambank stabilization, the water resources engineer’s streambank 
recommendation is the installation of riprap along the stream at the location of the bridge 
foundation. The clearing, grubbing, and removal of plants and large rooted trees off the sites of 
where the foundation and the bridge and culvert construction is expected to take place. Besides 
the clearing, grubbing, and removal of the plants and trees for the streambank, we also truly 
believe that it will aid into attracted new visitors to come close and scout the cleared areas that 
had been inhabited by those large trees and plants. After achieving a clean and stable streambank 
of any mature plants and trees, it will then enable the planting of the riparian buffer along the 
stream. According to arborday.org, by incorporating a riparian buffer it will help maintain a 
long-lasting vegetation that helps regulates the air, soil, and water quality, along the stream.  
 
Groundwater Table 
To lower the high groundwater table and to prevent water interferences during 
construction of both the bridges one over Scout and Stevens Creek. Through the 
recommendation of ejectors dewatering technique prior to construction, it will safeguard the 
removal of large quantity of groundwater and surface water from the construction sites. The 
construction sites are the locations of two bridges, one over Scout and one over Stevens Creek. 
According to the thebalancesmallbusiness.com, by the removals of groundwater and surface 
water it will keep help ensure the construction date as scheduled and to provide a safe 
environment.  
 
Before Construction 
 The following geotechnical report was created based on the information provided by 
borings B-16 and B-17located in Figures 2 and Figure 3and that their soil information is the 
same for the proposed locations. Most importantly before any proposed construction to occur, we 
believe more research and more boring must be acquired at the locations of construction. by 
doing so, we will know exactly what type of soil, or if any utilities we will encounter. We 
recommend the use of deep foundation for the design for both bridges. The use of two 23 feet 
deep foundations shall be used at each of the locations where the bridge abutments will be in 
contact with the surface soil.  
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Figures/Tables: 
 
Figure 18. Shows the location of boring logs B-16 and B-17  
Figure 19. Information about boring number B-16 
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Figure 21. Current eroded and mature rooted plants and trees in the streambanks of Scout Creek, north of the water crossing 
Figure 20. Information about boring number B-17 
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Figure 22. Existing erosion and head-cutting on the pedestrian bridge over Scout Creek, east side of the creek 
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Opinions of Cost 
 
 
Item Quantity Unit Unit Cost Total Cost
Bridge Demolition Laminated wood, North Bridge 180 SF 11.43 2057.4
Bridge Demolition Laminated wood, South Bridge 180 SF 11.43 2057.4
Wood, Laminated type in place, 90' Span 900 SF $151.11 $135,999.00
Backfill Structural, sand and gravel 750 LF $6.29 $4,717.50
Erosion Control 20 SY $1.64 $32.80
Structural Concrete, ready mix, Portland Cement Type 1800 CF $79.48 $143,064.00
Helical Driven Piles 92 LF $31.91 $2,935.72
Steel, complete in place, 10' wide, 150' Span 1500 SF $221 $331,500
Backfill Structural, sand and gravel 500 LF $6.29 $3,145
Erosion Control 15 SY $1.64 $25
Structural Concrete, ready mix, Portland Cement Type 200 CF $79.48 $15,896
Helical Driven Piles 92 LF $31.91 $2,935.72
Mobilization/demobilization 1 LS $5,000.00 $5,000.00
Construction staking 1 LS $5,000.00 $5,000.00
Clearing/grubbing 1 LS $5,000.00 $5,000.00
Traffic control 1 LS $1,000.00 $1,000.00
10" Concrete pavement over existing south lot 5555.556 SY $45.50 $252,777.78
10" Concrete pavement for new overflow lot 17733.33 SY $45.50 $806,866.67
10" concrete pavement for access road 6666.667 SY $45.50 $303,333.33
10" Concrete RV Pads 444.4444 SY $45.50 $20,222.22
Moving HH lodge 1 LS $7,500.00 $7,500.00
Lighting for trail and lots, incl. installation 60 EA $200.00 $12,000.00
RipRap, Type A 500 CY $34.56 $17,280.00
RipRap Filter Fabric 500 SY $3.47 $1,735.00
Seeding for Buffer 1 Acre $1,821.00 $1,821.00
Lagoon Drainage by Master/Journeyman Pumper 114,300 GAL $0.003 $342
Tree Removal 3 EA $354 $1,062
Shrub Removal LS $100
Mobilization 1 LS $5,000.00 $5,000.00
Large Tree Removal 15 EA $354.00 $5,310.00
Clearing and Grubbing 1 LS $1,875.00 $1,875.00
Excavation, Borrow 830 CY $6.92 $5,743.60
Embankment/Fill 900 CY $9.72 $8,748.00
Water 1 MGAL $30.00 $30.00
Subtotal $2,115,000.00
20% Contingency $423,000.00
20% Engineering, Permitting, and Construction Services $423,000.00
Final Total $2,961,000.00
Supporting Geotechnical Work
Totals
OEC Renovation Project Opinion of Cost
Bridge Removal
Truss Bridge
Suspension Bridge
Transportation Improvements
Stream Bank Stabalization 
Lagoon Improvements 
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Conclusion 
 These are the recommendations we’ve suggested for the Outdoor Education Center. Our 
transportation, structural, water resources, environmental, and geotechnical engineers are happy 
to present our work on this project. Our final suggestions come down to about $3 million.  
Wingineers is proud to present our final design for the CC-UNL Joint Authority. We 
hope that the client is satisfied with the work that we have completed regarding the OEC and we 
look forward to working with the client in the future. 
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